Pathogenic bacteria often cause life threatening infections especially in immunocompromised individuals. Therefore, rapid and reliable species identification is essential for a successful treatment and disease management. We evaluated a rapid, proteomic based technique for identification of clinical bacterial isolates by protein profiling using matrix-assisted laser desorptionionization time -of -flight mass spectrometry (MALDI-TOF MS).
is widely used for this purpose, though these are occasionally disadvantageous due to limited database and misidentification has also been reported 1,2 .
As an alternative to various other identification methods, mass spectral analysis for identification of microorganisms has been recognized. Matrixassisted laser desorption-ionization-time-of-flight mass spectrometry (MALDI-TOF MS) can be used for accurate and rapid identification of various microorganisms 3, 4 , such as Gram -positive bacteria [5] [6] [7] [8] [9] [10] [11] , Enterobacteriaceae 12 , yeast [13] [14] [15] , mold 16 , non-fermenting bacteria [17] [18] [19] [20] and mycobacteria [21] [22] [23] [24] [25] [26] [27] [28] . This technique is based upon the detection of highly abundant proteins in a mass range between 2 and 20 kDa by computing their mass (m) to charge (z), m/z values. Thus, a typical fingerprint is generated for each microorganism which is used for comparison with the stored reference spectra and thereby providing identification for the sample. The striking advantage of mass spectral approach over phenotypic and genotypic procedures is a simple straight forward sample preparation procedure and the short time required for analysis.
In this study, we evaluated the suitability of identification of clinical bacterial isolates by MALDI-TOF MS. The technology was used for the identification of 82 clinical samples with part of the study being under routine diagnostic conditions, this approach was validated by conventional cultural, morphological and biochemical criteria as well as the VITEK ID YST system for isolates with discrepant result.
Material & Methods
This study was conducted in the department of Microbiology, All India Institute of Medical Sciences (AIIMS), New Delhi, India during August 2012 to December 2012. A total of 82 fresh bacterial clinical isolates (blood, urine, pus, biopsy, swab from any site of the body, cerebrospinal fluid, respiratory tract and wound specimens) analyzed in the present study, were collected from the routine clinical diagnostic laboratory of AIIMS. The following ATCC reference strains were used as controls in this study for MALDI-TOF MS analyses: Escherichia coli ATCC 25922; Pseudomonas aeruginosa ATCC 27853; Staphylococcus aureus ATCC 25923; Neisseria meningitidis ATCC 13077.
Culture conditions and sampling (conventional technique):
The isolates were recovered after aerobic and microaerophilic incubation at 35 -37°C on 5 per cent sheep blood agar, chocolate agar, cysteine-lactose electrolyte-deficient (CLED) agar, Macconkey's agar 
Sample preparation for MALDI-TOF MS:
Ethanol/ formic acid extraction procedure was followed according to the manufacture's instruction (Bruker Daltonik GmbH, Bremen, Germany). Briefly, 2-3 isolated colonies were transferred into the 1.5 ml screw cap extraction tube with an inoculation loop or pipette tip and mixed thoroughly in 300 µl of double distilled water. Absolute ethanol (0.9 ml) was added, the contents of the tube were carefully mixed, and the tubes were then centrifuged at 13,000 × g for 2 min; the supernatant was discarded and the pellet was air dried. Approximately 10 µl of the pellet was mixed thoroughly with 50 µl of formic acid (70%), before addition of an equivalent volume of acetonitrile. The mixture was centrifuged at 13,000 × g for 2 min and 1 µl of the supernatant was placed onto a ground steel MALDI target plate and allowed to dry at room temperature. Subsequently, each sample was overlaid with 1 µl of matrix solution, which consisted of a saturated solution of α-cyano-4 hydroxy-cinnamic acid (HCCA) in 50 per cent acetonitrile and 2.5 per cent trifluoroacetic acid (final concentration: 10 mg HCCA/ml) and air dried at room temperature. The MALDI-TOF MS target was subsequently introduced into the MALDI-TOF mass spectrometer (Brucker Daltonik GmbH, Bremen, Germany) for automated measurement and data interpretation. For identification, all the samples were blinded and run in duplicates.
The samples were analyzed using a microflex LT MALDI-TOF MS instrument (Bruker Daltonik GmbH, Bremen, Germany). The spectra were recorded in the linear positive mode at a laser frequency of 20 INDIAN J MED RES, DECEMBER 2014 Hz within a mass range from 2,000 to 20,000 Da. Parameter settings for microflex instrument were ion source 1 at 20 kV, ion source 2 at 18.5 kV, lens at 8.5 kV, pulsed ion extraction of 250 ns and no gating.
Freshly prepared Bruker Bacterial Test Standard
Escherichia coli (#255343) (Bruker Daltonik GmbH, Bremen, Germany) was used as the reference strain for the calibration and instrument parameter optimization. MALDI Biotyper Calibration Procedure was followed according to manufacturer's instruction. Briefly, right flexControl method was used and one sum spectrum was measured at the desorption level of the laser energy using inbuilt AutoX method. The software selects the calibration peaks in the range of ± 300 ppm automatically and performs calibration. Once the calibration was achieved, the calibration values were saved and were further applied to the measurement of clinical experimental strains. The mass accuracy after external calibration using Bruker Bacterial Test Standard Escherichia coli (#255343) protein signals was about 200 ppm.
Data processing: Initial manual/visual estimation of the mass spectra was performed using the FlexAnalysis 2.4 software (Bruker Daltonik GmbH, Germany). For automated data analysis, raw spectra were processed using the MALDI BioTyper 1.1 software (Bruker Daltonik GmbH, Germany) with default settings. The smoothing, normalization, baseline subtraction and peak picking was carried out by the software, thereby creating a list of the most significant peaks of a spectrum (m/z values with a given intensity). The generated peak lists derived from the bacterial MALDI-TOF profile mass spectra were compared with each entry of the MALDI Biotyper database, which currently contains 3287 references, using the standard parameters of the pattern-matching algorithms. These algorithms have different mathematical approaches, which have already been described [30] [31] [32] . The results of the pattern-matching process were expressed as log (score) values, computed by comparison of the peak list for an unknown isolate with the reference main spectral pattern (MSP) in the database. The log (score) value ranged from 0 to 3, a log (score) value ≥1.7 is indicative of a close relationship (i.e., at the genus level) and a log (score) value ≥2.0 is the set threshold for a match at the species level. The highest log (score) of a match against the score in the database was used for species identification.
Criteria for identification and discrepant analysis:
When routine conventional biochemical identification and MALDI-TOF MS had exactly the same identification to the species level, the identification was considered final. In the case of discrepant results, the results from the external laboratory [Jai Prakash Narayan Apex Trauma Center (JPNATC), AIIMS, New Delhi, India] performed using VITEK ID YST system (bioMerieux, France) was considered as final identification. Inaccurate identification at genus level was considered a major error.
Results
In this study, a total of 82 clinical bacterial culture isolates and 12 ATCC controls were analyzed by MALDI-TOF MS. It was found that all the 12 ATCC reference strains were correctly identified by MALDI TOF MS with a log (score) On comparing and analyzing the results obtained by MALDI-TOF MS with those from conventional techniques, it was noticed that four samples showed discrepant results (Table I ). The discrepant results were reanalyzed by an external laboratory and three were found to be in agreement with MALDI-TOF MS result (Table II) . The remaining one isolate was an inherent limitation of the BioTyper software which fails to distinguish Streptococcus viridans from Streptococcus pneumoniae. Therefore, the accuracy at the species level for clinical isolates was 98.78% (81/82). The spectral processing results have shown signature peaks for a particular species ( Fig. 1 and 2 ).
Discussion
MALDI-TOF MS has successfully been used for the identification of a wide array of bacterial species [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . However, only a few studies have assessed the performance of MALDI-TOF MS based identification under routine laboratory conditions. In our study, MALDI-TOF MS could accurately identify all the ATCC controls deposited in duplicate. The results obtained from our study suggested that identification of different bacterial species and the different strains within, was possible using MALDI-TOF MS. Since our study was a blinded one with the samples being processed and run in duplicates, the reproducibility of the instrument was tested and was subsequently found to be consistent for all the samples. The MALDI MS mass spectral patterns were also reproducible for the isolates belonging to the same genus and species.
In the present study, identification by MALDI-TOF MS yielded a valid score for 78 of 82 (87.80%) isolates when compared to results obtained by conventional methods. On carrying out an extensive analysis of the conventionally verified isolates, four discordant results were noticed. The discrepant results were reanalyzed by an external laboratory and three were found to be in agreement with MALDI-TOF MS result. Therefore, the accuracy at the species level for clinical isolates identified by MALDI TOF MS was 98.78 per cent. The remaining one isolate which was considered discordant in the study could be ascribed to an inherent limitation of the BioTyper software which failed to distinguish Streptococcus viridans from Streptococcus pneumoniae, due to inaccurate taxonomic assignment of the spectra in the MALDI-TOF MS database. The taxonomical discordances can be easily corrected by an update of the database.
In previous studies, investigators have demonstrated the applicability of MALDI-TOF MS for identification of various bacterial species, but only a fraction has concentrated on clinical isolates [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . In the present study, the prime focus was on clinical bacterial isolates at a tertiary care hospital. Since a majority of the protein signals occurred between 2 to 13 KDa, it could imply that a significant portion of the signals was derived from ribosomal proteins which range from 2000 to 20,000 Daltons
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. Within the observed mass range, a few unique signals were conserved among the isolate of same species. Such conclusions were reached by other researchers as well [19] [20] [21] .
The identification using MALDI -TOF MS method could analyse samples rapidly within minutes after culture positivity. Typically, the extraction procedure for a single sample takes calculated 23 min (Table  III) , but per sample processing time is reduced by batch processing (approximately 3 h for 82 samples) and thereby facilitates high throughput outcome. However, identification by conventional biochemical methods is a time consuming process requiring 24-48 h after culture positivity, thereby delaying therapeutic interventions. In addition to this, the simple extraction procedure, low running cost and the non requirement of high technical expertise provide MALDI-TOF MS an edge over the other methods for identification. But the application must be carefully performed, as the quality of the result reduces by the application of too much of material. Furthermore, care should be taken when the sample is being overlaid with the matrix solution to not to induce a liquid smear between spots, which may result in cross -contamination.
In conclusion, our study demonstrated that owing to its rapid and accurate nature, MADLI-TOF MS could be a possible alternate diagnostic tool for identification and differentiation of routine isolates in the clinical microbiology laboratory setting. The high throughput potential saves considerable time for earlier therapeutic intervention and better patient care. It may further be validated with larger sample numbers in a multicentric study.
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